Introduction {#sec1-1}
============

The role of intraoperative pathological diagnosis is crucial in neurosurgery. The goal of the pathologist is to guide the neurosurgeon in making clinically relevant intraoperative decisions, which enable the surgeon to plan the extent of surgery and modify it accordingly. The pathologist tries to give the maximum possible intraoperative information keeping in mind the clinical symptoms and radiological features; still, there are various limiting factors.\[[@ref1]\]

The aim of the present study was to evaluate the diagnostic accuracy of crush smear and frozen section in the central nervous system (CNS) and peripheral nervous system (PNS) lesions and to analyze the possible errors, pitfalls, and limitations of these procedures keeping histopathology as the gold standard.

Materials and Methods {#sec1-2}
=====================

This prospective study was conducted on 90 neurosurgical specimens that included biopsies from both the brain and spinal cord lesions received in our department over a period of 1.5 years (January 2010 to September 2011). A total of 80 cases were studied while 10 cases were excluded due to the inadequacy of samples. Samples for crush smears and frozen sections were received in normal saline. A tiny portion of the sample from the representative site was crushed between two glass slides to prepare smears. The smears were stained with hematoxylin and eosin method.\[[@ref2]\] A part or whole of the residual sample was submitted for frozen sections and stained similarly. The remaining sample was fixed in 10% buffered formalin and submitted for paraffin sections. Immunohistochemistry and special stains were performed wherever needed for the diagnosis. All the cases were evaluated by history, clinical examinations, and radiological investigations. A rapid opinion about the benign or malignant nature of the lesion and the type of tumor was given, which were later correlated with the histological observations of the paraffin-embedded section, later being taken as the gold standard. The discordant cases were identified and the possible reasons for the fallacies were analyzed.

Results {#sec1-3}
=======

Of the total 80 cases, 87.5% (70/80) of the lesions were from the CNS and 12.5% (10/80) were PNS lesions. Gliomas were the predominant lesion among brain tumors (34.2%, 24/70) while meningiomas were the most common spinal tumors (30%, 3/10). The brain tumors were mostly crushable \[77.1% (54/70)\] while the spinal tumors, especially fibroblastic meningiomas and schwannomas, posed a considerable problem in making a good smear \[70% (7/10)\].

The overall diagnostic accuracy of crush smears in the present study was 91.25% with a sensitivity of 95.5% and specificity of 100%. In the frozen sections, the overall diagnostic accuracy was 95%, while sensitivity and specificity were 96.8% and 100%, respectively.

Assessment of crush smears yielded five discordant cases and in four cases there was a problem in the grading of astrocytic neoplasms. In contrast, the evaluation of frozen section also had five cases with discordant diagnosis and in two cases there were problems in the grading of astrocytomas.

The discrepancies encountered during the process of reporting crush smears and frozen sections, along with the final histological diagnosis and the probable causes of error, are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Discrepancies in crush smear diagnosis

![](JCytol-33-93-g001)

###### 

Discrepancies in frozen section diagnosis

![](JCytol-33-93-g002)

Various technical errors were noted in the frozen sections, the predominant being freezing artefacts followed by sampling and interpretative errors. In the crush smears, there was discordance in diagnosis mainly due to sampling and interpretative errors.

Discussion {#sec1-4}
==========

Intraoperative diagnosis of CNS and PNS lesions is an important preliminary diagnostic tool to distinguish neoplastic from nonneoplastic lesions, which helps the neurosurgeon to plan further management of the patient. An accurate intraoperative diagnosis rests on good correlation of clinical, radiological, and microscopic findings. The careful and judicious interpretation of the above details leads to a good diagnostic yield.

In this study, it was noted that brain tumors were predominantly crushable while spinal tumors were difficult to crush and make smears. Due to the soft and friable nature of brain tumors, a majority of these could be smeared easily and hence, yielded good cytomorphological details. The above findings were in accordance with the previous studies.\[[@ref1][@ref3][@ref4]\] This might have also been due to the fact that most of the brain tumors were gliomas, which are soft and easily crushable while most of the spinal tumors were meningiomas and schwannomas, which are firm in nature and thus, are difficult to crush and prepare a good smear.

Crush smears yielded good cytomorphological details in cases of astrocytoma, meningothelial variant of meningioma, oligodendroglioma, ependymoblastoma, metastatic carcinoma, and pituitary adenoma while frozen sections fared well in inflammatory lesions, fibroblastic meningioma, schwannoma, and ependymoma.

Various limitations were noted in both the procedures. Due to the soft and friable nature of brain tumors, these were difficult to section in frozen section and the sections showed marked freezing artefacts due to ice crystal formation resulting in anisonucleosis and nuclear hyperchromasia. Thicker sections led to folding of sections and loss of sections from the surface of the slides due to poor adherence during staining procedures. In contrast, lesions that were firm in consistency such as fibroblastic meningioma, schwannoma, inflammatory lesions, ependymoma, and metastatic carcinomas yielded good quality frozen sections. Other authors have also reported frozen section to be better than crush smear in diagnosing inflammatory lesions.\[[@ref1][@ref4]\]

Categories of discrepancies noted in the present study are:

Typing of spindle cell lesions both in crush smear and frozen sectionTwo cases of fibroblastic meningioma in crush smears were misinterpreted as schwannoma since the spindle cells of fibroblastic meningioma formed fascicles in smears without any prominent meningothelial whorls \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. Similar discrepancies were also noted in the study by Mitra *et al*.\[[@ref5]\]One case of fibroblastic meningioma in frozen section was misdiagnosed as schwannoma because of the spindle cell nature of both \[[Figure 1c](#F1){ref-type="fig"}\]. Distinguishing fibroblastic meningiomas, peripheral nerve sheath tumors, and other spindle cell proliferations can be challenging in frozen section and crush smear because of the limited tissue available for diagnosis and the thick sections that make it difficult to assess these spindle cell tumors.It is well-comprehended that cerebellopontine angle meningiomas can show a predominantly benign spindle cell appearance with thick-walled blood vessels and abundant collagen, which can often be misinterpreted as schwannoma.\[[@ref6]\]The interpretative errors in frozen sections are mainly due to the freezing process that distorts the architecture. Variable section thickness and uneven staining obscure the cytologic details and influence subjective judgement. A thorough knowledge of surgical anatomy and expertise in the interpretation of neural tissues is essential to reduce interpretative errors.\[[@ref7]\]Differentiating oligodendroglioma from astrocytoma in frozen sectionsIn the present study, there was a problem in assessing oligodendroglioma in frozen section, which was misdiagnosed as high grade astrocytoma. First, this was since the oligodendroglial cells were seen angulated similar to astrocytes due to freezing artefacts. Second, high vascularity, which is a feature of oligodendroglioma, was misinterpreted as vascular proliferation of high grade astrocytoma. However, crush smear in both the cases yielded correct diagnosis. Mitra *et al*. and Plesac and Prayson have also reported similar problems. It is pertinent to mention that the perinuclear halo that is seen in paraffin sections due to fixation artefacts, which give a clue to the oligodendroglial nature of cells, are absent in frozen section.\[[@ref5][@ref6]\]Differentiating the coagulative tumor necrosis of glioblastoma multiforme from the caseous necrosis of tuberculomaTwo cases of glioblastoma multiforme (GBM) were misdiagnosed as tuberculoma due to sampling error. In both the cases, the necrotic areas were sampled and both the crush smears and frozen section yielded only necrotic tissue with very few viable cells \[Figures [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\]. These cases were diagnosed as GBM in subsequent paraffin sections where extensive areas of coagulative necrosis was seen, along with viable malignant cells. Mitra *et al*. and Plesec and Prayson also reported similar findings in their studies.\[[@ref5][@ref6]\] Sampling error (gross or microscopic) is one of the most common causes of discrepancy. Thorough sampling and technically adequate sections are recommended to reduce intraoperative frozen section discrepancies.\[[@ref7]\]Problem in tumor grading in astrocytomaAlthough it is not essential to accurately grade CNS tumors during intraoperative diagnosis, an attempt was made in the present study, and results were compared with final histopathological grade.Incorrect assessment of grading of astrocytomas was seen in four cases in crush smear and two cases in frozen section. The most commonly faced problem was with glioblastoma consisting of three cases and one case each of anaplastic astrocytoma and grade II astrocytoma.The first case of GBM was misreported as grade II astrocytoma in cytological smears probably due to sampling error from the peritumoral areas. It was correctly diagnosed in frozen section, which revealed the pseudopalisading necrosis, along with high grade cytological features.The second case of GBM was misinterpreted as grade III astrocytoma in cytology while it was correctly interpreted in frozen section for the reason cited above in the first case. This shows the advantage of frozen section over crush smears, in which a study of the entire tissue architecture becomes indispensible.The third case of GBM was also assessed as grade III astrocytoma, both in cytology and in frozen section. In this case, necrosis could not be appreciated either in the smear or in the tissue sections although cytological features of high grade glioma were apparent.A case of grade III astrocytoma was diagnosed as grade II in smears, which may have been due to heterogeneity of the tumoral lesion. This fallacy could have been avoided by taking samples from the multiple areas of the specimen.Finally, there was a case of grade II astrocytoma that was erroneously diagnosed as grade III in frozen section as it showed enhanced anisonucleosis, which was possibly a result of freezing artefact. However, it was correctly interpreted in crush smear.This problem in the grading of astrocytomas, either overgrading or undergrading, was also reported by other authors.\[[@ref8][@ref9][@ref10][@ref11]\] Most of the available studies have attributed this to the heterogeneity of astrocytomas. In case of frozen section, this problem is encountered due to freezing artefacts, which enhances nuclear anisonucleosis and incorrectly resembles a higher grade of tumor. Improper grading of astrocytic neoplasms in cytologic preparations has also been documented by other authors.\[[@ref12][@ref13][@ref14]\] According to some, it is inappropriate to attempt to grade CNS neoplasms on small biopsy material whether by smear or frozen technique as astrocytomas are known for their heterogeneity. Paraffin sections showed that in undergraded cases, there were areas of both high and low grade types and cytological sampling might have failed to show the anaplastic areas.\[[@ref13][@ref14]\]Problem in differentiating normal granular cells of the cerebellum from the lymphocytesIn the present study, we encountered one case of grade II astrocytoma of the cerebellum, which was misdiagnosed as chronic inflammatory lesion. This was due to sampling error from the normal areas of the cerebellum, in which normal granular cells were mimicked as lymphocytes on cytological preparation. Iqbal *et al*.\[[@ref15]\] have also noted that during assessment of smears from lesions of the cerebellum, granular cells of the cerebellum are often confused with inflammatory cells, tumor cells of primitive neuroectodermal tumor (PNET), lymphoma, other small round cell tumors, or medulloblastoma. They stressed that a careful search for Purkinje cells among these small blue round cells may possibly help to identify them as normal granular cells. However, in our case Purkinje cells were not seen among the granular cells, which led to the misinterpretation. However, in the frozen section the correct diagnosis of low grade astrocytoma was made as the total tissue architecture could be seen, i.e., the tumoral area was surrounded by the normal cerebellar tissue. This case outlines the advantage of frozen section over cytological preparations.Overall, the results of the present study were comparable with most studies, in terms of achieving more than 90% accuracy in both the techniques. The diagnostic accuracy of crush smears in this study was 91.25%, which was equivalent to other studies.\[[@ref1][@ref5][@ref10][@ref14][@ref15][@ref16][@ref17][@ref8][@ref19][@ref20][@ref21][@ref22]\] The diagnostic accuracy of frozen section was 95%, which was comparable to other studies.\[[@ref5][@ref14][@ref16]\]It was found that frozen section technique was superior to crush smear in all cases, especially in lesions that were difficult to smear during the process of intraoperative diagnosis. Savargoankar and Farmer, Mitra *et al*. and Reyes *et al*.\[[@ref4][@ref5][@ref16]\] have also found that frozen sections were better than crush smear for intraoperative diagnosis. Iqbal *et al*.\[[@ref15]\] had reported a sensitivity of 95.36% in crush smear and Pawar *et al*.\[[@ref11]\] obtained a sensitivity of 91.6% and specificity of 100% in crush smear, which is equivalent to that in the present study.In this study, it was found that both crush smear and frozen section were complementary procedures. When both were used together, the diagnostic yield was markedly increased. Other studies such as that of Rao *et al*.\[[@ref1]\] and Di Steffano *et al*.\[[@ref9]\] also favored this. They reported that the diagnostic accuracy increased to 95.29% when both these procedures were used. Other authors\[[@ref8][@ref16]\] also advocated the same thing and recommended the use of both frozen section and crush preparation for intraoperative diagnosis as these complement each other --- cytomorphology is preserved in crush smears while frozen sections lack the cytological detail but preserve tissue architecture.

![(a) Crush smear showing spindle cells of fibroblastic meningioma arranged in fascicles without meningothelial whorls, which was misinterpreted as schwannoma (H and E, ×200) (b) Crush smear of the same case showing the fascicular arrangement of spindle cells (H and E, ×400) (c) Frozen section of fibroblastic meningioma misinterpreted as schwannoma showing the spindle cell nature of the lesion due to thick sections (H and E, ×200)](JCytol-33-93-g003){#F1}

![(a) Crush smear showing coagulative necrosis of glioblastoma multiforme, which was misinterpreted as caseous necrosis of tuberculoma (H and E, ×200) (b) Frozen section showing only coagulative necrosis of glioblastoma multiforme with no malignant cells, which was misinterpreted as tuberculoma (H and E, ×200)](JCytol-33-93-g004){#F2}

Conclusion {#sec1-5}
==========

To conclude, cytology has emerged as the preferred method for intraoperative diagnosis, given the advantage of enhanced cellular morphology and lack of artifacts encountered in frozen sections. Hence, it is recommended that intraoperative cytology be used for rapid diagnosis of CNS and PNS lesions, especially in developing countries such as India where the supply of electricity is irregular and the cost of cryostat and availability of technicians are prohibitive. The knowledge of the artefacts encountered in frozen section and the distinctive cytological features in smear will help in reaching a correct diagnosis.
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